Abstract-In this paper, we present an efficient method to determine the quantization skipping condition for H.264/AVC video coding. In order to reduce the operation time of quantization process that is coming from integer discrete cosine transform, a quantization skipping condition is derived by the analysis of integer transform and quantization processes. The experimental results show that the proposed algorithm has the capability to reduce the computational complexity about 10-25(%).
INTRODUCTION
The video coding standards are established for providing video services in many applications of wire, wireless communication or multimedia services. Among the various video coding standards, especially H.264/AVC video coding standard can be adopted to provide high compressions and used in many applications.
JVT(Joint Video Team) established by ITU-T and ISO/IEC has jointly developed H.264/AVC video coding standard can be characterized by block-based integer transform, variable block-size motion estimation and compensation, and spatial intra prediction and so on [1] - [3] . Due to the different coding strategies, the transform and quantization process of H.264/AVC video coding standard are different to previous standard. Therefore, any algorithms to obtain better coding efficiency should be different to other standards.
Many approaches have been exploited to reduce the complexity of transform and quantization in previous video encoder. Ref. [4] proposed an early detection method for all-zero block. They defined a condition for checking all DCT(Discrete Cosine Transform) coefficients to zero. In Ref. [5] , they theoretically derived more accurate condition than Ref. [4] . Also, Ref. [6] proposed an efficient method for early detection of all zero DCT coefficients. Ref. [7] is defined a more precise sufficient condition by modifying the calculation order of the SAD(Sum of Absolute Difference) obtained from motion estimation of H.264/AVC video coding standard. Also, similar technique to incorporate knowledge of the DCT and quantization into the encoder has been reported [8] - [10] .
These approaches were developed for MPEG2, MPEG4-Part2. Therefore, when the different coding scheme such as H.264/AVC is used, the different criterion or condition should be used.
In this paper, we proposed that a determination method of quantization skipping condition is derived to reduce the operation time using integer discrete cosine transform and quantization of H.264/AVC video coding standard. This paper is organized as follows. Section II describes the background of the transform and quantization process in H.264/AVC video coding standard. In Section III, we present the proposed algorithm for quantization skipping condition. The proposed threshold is induced by rigorous analysis of transform and quantization for H.264/AVC video coding. Finally, the experimental results and conclusion are described in Section IV, and V. For N N × size block, its integer transform can be defined as
where the ⎡ ⎤ in Eq. (2) 
where, 
Also, the parameter p Q denotes a quantization index that is a value between 0 and 51. Using the relationship between quantization index and quantization step size that is described in H.264/AVC, quantization step size for each quantization index can be represented as 
In Eq. (7) In order to simplify the process, the factor ( ) Qstep PF / is implemented in the reference model software as a multiplication by a factor MF and a right-shift, avoiding any division operations. It is
where the multiplication factor, MF denotes the factor for avoiding multiplication and division operation and qbits is defined as 6 % Qp . Also
( )
round ⋅ represents the round-off operator.
From Eq. (7) and (8), we can derive a condition to skip the quantization for fast video coding, max 2 2 .
where Qstep represents the quantization step size shown in Table I . Eq. (9) is used as a condition for skipping quantization in our proposed algorithm.
IV. EXPERIMENTAL RESULTS
A number of experiments have been conducted with various sequences and different resolutions at a number of quantization indices. Among of them, QCIF "Foreman" sequence, "Claire" sequence, and "Hall monitor" sequence were used. where ⋅ is the Euclidean norm, and f and fˆ represent the original image and the reconstructed image, respectively. In Table IV , V and VI, we present the PSNR, bitrates and encoding time comparison as a function of quantization index for QCIF "Foreman", "Claire", and "Hall monitor" sequences. There is no loss of the PSNR and bitrates but the operation time is only decreased when skipping quantization. From the results, it is verified that the coding performance keeps without the degradation of coding performance. Table VII , VIII, and IX represent the reliability table of quantization skip process by QP. From these tables, the 'Miss' means the quantized block is skipped when the block is not satisfied by its condition. The 'Fault' means the quantized block is not skipped when the block's condition is satisfied. And the 'Success' means that it became skip by the proposed method precisely.
From as a result, it is verified that the proposed method reduced the operation time while maintaining bitrates.
From the experiments, it is verified that the 'Fault' block doesn't make any more and the 'Miss' block decreases by QP. We can show that the proposed algorithm has the capability to reduce the operation time of quantization about 10~25(%) preserving same bitrates and PSNR.
V. CONCLUSION
In this paper, we propose a determination method of quantization skipping condition for H.264/AVC video coding standard. The skipping condition without additional computations is introduced and the characteristics of H.264/AVC are applied into the algorithm. The parameters are defined to control the robust condition. From the experimental results, it is observed that the proposed algorithm consistently results in operation time saving about 10~25(%) against the original JM reference code. Also, it is verified that the proposed algorithm effectively reduces the computational complexity, leading to satisfactory results. 
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